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ABSTRACT 

We present time-resolved photometry of a cataclysmic variable discovered in 
the Isaac Newton Telescope Photometric Ha Survey of the northern galactic plane, 
IPHAS J062746.41+014811.3 and classify the system as the fourth deeply eclipsing 
intermediate polar known with an orbital period of Porb = 8.16h, and a spin period of 
^spin = 2210 s. The system shows mild variations of its brightness, that appear to be ac- 
companied by a change in the amplitude of the spin modulation at optical wavelengths, 
and a change in the morphology of the eclipse profile. The inferred magnetic moment 
of the white dwarf is fi^d ~ 6-7 x 10^^ Gem-', and in this case IPHAS J0627 will ei- 
ther evolve into a short-period EXHya-like intermediate polar with a large Pspm/^orb 
ratio, or, perhaps more likely, into a synchronised polar. Swift observations show that 
the system is an ultraviolet and X-ray source, with a hard X-ray spectrum that is con- 
sistent with those seen in other intermediate polars. The ultraviolet light curve shows 
orbital modulation and an eclipse, while the low signal-to-noise ratio X-ray light curve 
does not show a significant modulation on the spin period. The measured X-ray flux is 
about an order of magnitude lower than would be expected from scaling by the optical 
fluxes of well-known X-ray selected intermediate polars. 

Subject headings: stars: individual (IPHAS J062746.41+01481 1.3) - cataclysmic variables, 
intermediate polar, eclipsing 
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1. Introduction 



Cataclysmic variables (CVs) are semi-detached close binary systems comprising an accreting 
white dwarf, and a late-type main- sequence donor. The strength of the magnetic field of the white 
dwarf plays an important role in governing the process of accretion. If the magnetic field is weak, 
mass transfer takes place via an accretion disk. In contrast, if the magnetic field is strong enough 
(B ~ 10-200MG) to suppress the formation of the disk, the accretion stream from the secondary 
star flows along the magnetic field lines to the poles of the white dwarf. These systems are known 
as polars. For moderate magnetic-field strength systems (5 ~ 1-10 MG), or intermediate polars 
(IPs), the transferred material may form a partial disk in which the inner part is disrupted into 
accretion curtains that channel material to the magnetic poles of the white dwarf. In polars, the 
rotational period of the white dwarf (Pspin) is generally synchronised to the orbital period (Porb), 
whereas the w hite dwarfs in IPs are rotating asynchronously with Pspm/Porh ~ 0.01 -0.6 (see 



Wamei 



1995 



for a comprehensive review on CVs). 



The evolution of magnetic CVs is still subject to discussion. Observationally, polars and 
IPs dominate the population of magnetic CVs below and above the 2-3 h orbital period gap, 
respectively. Both classes overlap in magnetic field strength, suggesting that IPs with relatively 
high fields may synchronise once th ey have evolved through the period gap, and appear as polars 



(e.g. 



Helliei 



2001 



Gumming 



20021). IPs with low field strengths should remain unsynchronised 



below the pe r iod ga p. This general hypothesis has been backed by the detailed simulations of 



Norton et al. 



(|2004) . who find that long -period IPs with a white dwarf magnetic moment of 
/^wd ^ 5 X 10^^ G cm^ will evolve into polars while those with /iwd ^ 5 x 10^^ G cm^ and secondary 
stars with weak magnetic fields will remain IPs. Historically, the dearth of known IPs below the 
period gap has raised some concerns regardin g the evolution of low-field IPs, however, a numbe r 



of such systems have be en identified (see e.g 



Southworth et al 



Rodrfguez-Gil et al. 



2004al : 



Patterson et al 



20041 : 



2007 a|) . suggesting that their number has been underestimated. 
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We are currently investigating the population of CVs within the galactic plane, making 



use of the Isaac Newton Telescope (IN T)AVide Fie 



of the northern gala ctic plane (IPHAS, 



Drew et al 



d Camera (WFC) Photometric Ha S urvey 



2005 



Gonzalez- Solares et al. 



2008 ) 



Witham et al. 



(|2007h presented the first eleven new CVs identified within IPHAS because of 



their Ha emission. Here, we present follow-up time-resolved photom etry of the ec 



Witham et al. 



i psing CV, 



( 20071) to 



IPHAS J062746.41-I-01481 1.3 (hereafter IPHAS J0627), suggested by 
be a long-period system, and classify it as the fourth deeply eclipsing IP, making it a promising 
candidate for accurate stellar parameter measurements. Following the determination of the orbital 
and spin periods of IPHAS J0627, along with estimates of its binary inclination and mass ratio, we 
discuss the sample of confirmed IPs as well as the future evolution of IPHAS J0627. 



2. Observations and data reduction 

2.1. Time-series photometry 

We obtained a total of ~ 27h of unfiltered time- series CCD differential photometry of 
IPHAS J0627 (Fig.© during the period December 2006 and October 2007 at the Roque de los 
Muchachos Observatory on La Palma using the 1.2 m Mercator telescope equipped with the 
2k X 2k pixel MEROPE CCD camera (Table[I])- The images were taken using 3x3 binning to 
reduce the read-out n oise and to improve th e time resolution. The data were reduced using the 



pipeline described by 



Gansicke et al, 



(|2004l) which employs MIDAS for bias subtraction and 



flat fielding, and performs aperture photometry using S extract or (^Bertin & Arnouts 



1996h 



Differential magnitudes of IPHAS J0627 were then calculated relative to the comparison star 
CI (USNO-A2.0 0900-02977965: 7?=16.1, 5=18.0). C2 (USNO-A2.0 0900-02978083: R=\1A, 
5=18.1) was used to check for variability of CI which no significant brightness changes were 
found. Sample light curves of IPHAS J0627 are shown in Fig.|2l 
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One additional light curve of IPHAS J0627 was obtained quasi-simultaneous with the Swift 
X-ray observations (see below) using the AAVSOnet telescope Wright28, a C-1 1 equipped with 
an ST-7 camera. The data were reduced in a standard fashion using MaximDL/CCD. 



2.2. Swift X-ray and ultraviolet data 



IPHAS J0627 w as observed with the narrow-field instruments of the Swift spacecraft 



(Gehrels et al. 



2004|) for a total of 9ks on 23 November 2009. The observation was broken across 



nine spacecraft orbits, with exposure times ranging from 0.2 to 1.5 ks. 



Observations with the Ultraviolet/Optical Telescope (UVOT; iRoming et al.ll2005h were made 
using the UVM2 filter, which has central wavelength of 217 nm and a full- width at half-maximum 
bandwidth of 51 nm. One exposure was made each visit. A source was visible at the position of 
IPHAS J0627 in all nine images, and a light curve was extracted from a 5 arcsec radius region 
using the UVOTMAGHIST tool version 1.12 and photometric calibration data from the release of 
22 May 2007 (version 105). 



Burrows et al. 



20051) were made predominantly 



Observations with the X-ray Telescope (XRT; 
in photon counting mode (PC) and we did not attempt to analyse the 10 per cent of data collected 
in Windowed Timing mode (WT). A light curve and spectrum were extracted within a 20 pixel 
(47 arcsec) radius circle of the source position from the cleaned event file using XSELECT version 
2.4 and retaining events with grades 0-12. The background was estimated using a circular region 



of 4.6' radius. The spectrum was binned to a minimum of five counts per bin. 
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3. Light curve analysis 



The light 



Witham et al. 



curve s in Fig. [2] confirm the deeply eclipsing nature of IPHAS J0627 found by 



(120071) . In addition, the 2006 data exhibit two additional features: short-period 
modulation and a broad modulation of the out-of-eclipse brightness of the system. Below, we 
analyse these three morphological light curve structures. 



3.1. Eclipse profiles and ephemeris 



Witham et al.l (120071) used two accurate eclipse times plus a rough estimate of a third eclipse 
time to determine a set of four possible orbital periods for IPHAS J0627, ~ 1.02 d, ~ 0.51 d, 
~ 0.34 d and ~ 0.25 d. One aim of the observations discussed here was to measure the actual 
orbital period of IPHAS J0627 and to determine an accurate eclipse ephemeris. For that purpose, 
we determined mid-eclipse times by mirroring and shifting the eclipse profiles until the best match 
in overall shape was achieved. Combining these six new eclipse times (Table[2l) with those from 



Witham et al. 



(120071) . we determined a unique cycle count and a best-fit linear ephemeris 

To = HJD 2453340.50732(40) + 0.34008253(14) x £ (1) 

where is defined as the time of mid-eclipse and the errors are given in brackets. We hence 
conclude that the orbital period of IPHAS J0627 is Po* = 8. 1619807(34) h. The corresponding 
cycle numbers and observed minus computed (0-C) eclipse times are reported in Table[2l 

The Mercator light curves folded on the ephemeris in Eq. ([I]) are shown in Fig.[3l illustrating 
a noticeable change in the shape of the eclipse profiles. The two light curves obtained on 2006 
December 22 & 23 show nearly perfect agreement, with a relatively round-shaped bottom of 
the eclipse profile, whereas the 2007 observations exhibit nightly variation in the eclipse profile, 
and are overall more box-shaped. In 2006, the eclipse depth of the average light curve was 
~ 1.3 ±0.1 mag, and the full- width of the eclipse at half depth was A0i/2 — 0.115 ±0.006 (see 
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Sect.|4]for details of estimating A0i/2)- In 2007, the eclipse depth was ~ 1.43 ±0.05 mag, with a 
full-width at half depth of A0i/2 — 0.106 ±0.002. The 2009 observations were taken with very 
long exposure times, but at face value, the eclipse had a similar round-shaped profile as in 2006. 

In addition to the change in the eclipse profile morphology, we investigated the out-of-eclipse 
brightness variations by measuring the average magnitude in the phase interval 0.8-0.9 and 
1.1-1.2. These measurements suggest that the out-of-eclipse magnitude of IPHAS J0627 is 
varying by ~ 0.2 mag, with the system having been found at 16.3 mag, 16.5 mag, and 
~ 16.3 mag in 2006, 2007, and 2009, respectively. The decreased brightness level and the 
narrower eclipse width observed in 2007 imply that the accretion disk contributed less to the 
optical light during that epoch. The flat bottom of the eclipse profile is suggestive that the white 
dwarf and the accretion disk may have been totally eclipsed, a higher time resolution study could 
potentially resolve the white dwarf ingress and egress. 



3.2. Spin modulation 



In addition to the deep eclipses, the December 2006 light curves of IPHAS J0627 exhibit 
short-period modulation on time-scales of ~ 40min with a ~ 0.4 -0.5 mag peak-to-peak 
amplitude, most clearly seen in the December 23 observations covering more than one orbital 



cycle (see Fig. 



H). Considering th e detection of He ii A 4686 emission in the spectrum of 



IPHAS J0627 (Withametal 



20071), this raises the possibility that the observed oscillations 



represent the white dwarf spin period. 

In order to test the periodicity of the oscillations, we subjected the combined light curves 
2006 December 22 and 23 observations to a time-series analysis using the MIDAS/TSA context. 
Prior to the analysis, the mean was subtracted from the data. In addition, we pre- whitened the data 
by means of a sine fit, fixing the period of the sine wave to the orbital. We included nine harmonic 
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frequencies in the sine fit to remove the effect of the eclipse from the observed light curve. 



The power spectrum computed from the data prepared in this way contains the strongest 
signal at /i = 39.090(15) d"' (Fig.H]), flanked by one-day aliases. The best-fit value of the period 
determined from a sine fit to the data is 2210.27(87) s. We assessed the likelihood of correct ali as 
choice using a test based on bootstrapping simulations as described in 



Southworth et al. 



(I2006L 



2007b|) . and find that 100% of the simulations return the strongest power within the 39.090 d~^ 
alias. We tested the significance of this signal by creating a faked data set computed from a 
sine function with a frequency of 39.090 d"\ and randomly offset from the computed sine wave 
using the observed errors. The power spectrum of the faked data set reproduces well the 1-day 
alias structure of the power spectrum calculated from the observations of IPHAS J0627 (Fig.lH 
top curve). The photometric data folded on 2210 s display a quasi-sinusoidal modulation with 
an amplitude of ~ 0.2 mag (Fig. [5]). Such coh erent and large- ampli tude optic al modulation is a 



hallmark of intermediate polars, e.g. FO Aqr (Patterson et al 



198l|) . or MU Cam (|Araujo-Betancor et al 



19981) . AO Psc (IPatterson & Price 



20031). Typically, the power spectra of IPs show signals 



at the orbital 
uj-lVl (e.g. 



frequency, Q , the white dwarf spin frequency, uj, and the orbital side-bands a; ± Q and 



Wamei 



1986 f). Inspecting the power spectrum in the top panel of Fig. |4] reveals power 



in excess of the alias structure. The strongest signal in the power spectrum computed from the data 
pre- whitened with /i = 39.090 d"' (Fig.H second panel from top) is found at /2 = 33.244(29) d"^ 
which is, within the uncertainties, equal to f\ - IVl. Additional low-amplitude signals are seen 
near fi + 2Vt and possibly 2(/i -H), however, longer time-series photometry will be necessary to 
confirm the presence of these signals. Based on the most commonly observed behaviour among 
the known IPs, we identify the strongest signal as the white dwarf spin frequency, to = fi, and the 
weaker signal as an orbital side-band u-2Q. Alternatively, /2 is the spin frequency, in which case 
the strongest signal would be the u + 2^l side-band, however, we consider this option less likely. 
We hence conclude that IPHAS J0627 is an eclipsing intermediate polar, and the white dwarf spin 
period is most likely Pspin = 2210.27(87) s, where the error was determined by means of a sine fit 
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to the spin light curve. 

The amplitude of the optical spin modulation undergoes large long-term variations, as it 
was very weak in our short observations in October 2007 (see Fig. HI third panel from top). The 
weakening of the spin signal in 2007 may have been caused by a lower accretion rate, as suggested 
by the fainter magnitude compared to the 2006 observations. In 2009, when the system was again 
brighter, the spin modulation was back, though with a lower amplitude compared to 2006 (Fig. HI 
bottom panel). The spin period determined from that single night was found to be 2237(10) sec. 
Pre-whitening the light curve with a multi-harmonic sine-fit to remove the effect of the eclipse 
introduces a systematic uncertainty into measurement of the spin period, and we conclude that the 
2006 and 2009 values of the spin period are broadly consistent with each other. 



3.3. Orbital modulation: a reflection effect? 



Another distinct feature found in the light curves of IPHAS J0627 is a broad modulation 
outside the eclipses, detected in the long observation on 2006 December 23. This modulation 
may be caused by a reflection effect, i.e. heating of the inner hem isphere of the donor sta r by 



the accreting white dwarf, such as observed in CVs (e. g. DDCir; 



in pre-CVs containing ho t primary stars (e.g. HWVir; 



Woudt & Warner 



Hilditch et al 



Aungwerojwit et al. 



3 



20031) or 



1996L or HS 1857-^5 144; 



2007|) . We investigated this modulation by pre-whitening the 2006 December 



23 with the spin period, Pspin = 2210 s, and folding the data over the orbital period, Povb = 8.16h. 
The 2007 October 14-16 light curves are combined and folded on the orbital period. Phase-folded 
light curves are shown in Fig.[6]with a maximum brightness at ~ 0.5 which is in agreement with 
maximum light at superior conjunction of the secondary star when taken reflection effect into 
account. Fitting a sine wave to the modulation outside the eclipse, we find the amplitude of the 
modulation to be ~ 0.14 mag and ~ 0.33 mag for the 2006 and 2007 light curves, respectively. 
Based on our limited data, we suggest that the larger amplitude of the modulation observed in 
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2007 may related with the fainter accretion disk contributing somewhat less to the optical light. 
In order to confirm our hypothesis, long-term observations covering the entire orbital period are 
strongly encouraged. 



4. Orbital inclination 



Considering the geometry of a point eclipse by a spherical body, we estimated the inclination, 
i, of a binary system through the relation 



= sin'^Cvr A01 /2) + cos'^Cvr A0i 72) cos^ / 



(2) 



where is the volu me radius of the secondary star, which depends only on the mass ratio. 



q = A/2 /Ml fEggleton 



19831) 



0.49^2/3 



a J 0.6^2/3 + in(l +^1/3) 



and A(t>i n is the full- w idth of eclipse at half depth (see also e.g. 



(3) 



Rodriguez-Gil et al 



Dhillon et al. 



1991 



2004bh . We estimated Acpin for IPHAS J0627 from the 2006, 2007, and 



2009 combined light curves with an average out-of-eclipse magnitude of 16.5 ±0.1, 16.7 ±0.1, 
and 16.6 ±0.1, respectively. This yields A(j)i/2 ~ 0.1 15 ±0.006, A(f)i/2 ~ 0.106 ±0.002, and 
A01/2 ~ 0.120 ±0.005 for 2006, 2007, and 2009 observations, respectively; the large error is due 
to the large uncertainty in identifying the out-of-eclipse brightness. 

In order to obtain the inclination of the system, a given value of the mass ratio, q, need to be 
assumed. Using the mean empirical mass-period relation of iSmith & Dhillonl(|1998|) . 

M2 



= (0. 126 ± 0.01 l)Po,b - (0. 1 1 ± 0.04) 



(4) 







where Porb is e xpressec 



IPHAS J0627. 



Ramsay 



in hou rs, we find O.87M0 < M2 < 0.97 M0 for the secondary star in 



(|2000f) estimated a mean value of Mi = 0.85 ±0.21 Mq for the white dwarf 
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mass in intermediate polars, which is 



all CVs (IKnigge 



2006 



Littlefair et al. 



jroadly consistent with t 



2008 



le mean white dwarf mass across 



Knigge et al 



2011 



Zorotovic et al. 



201 lb . Assuming 



stable mass transfer, we adopt O.SSMq ^ Mi < I.O6M0, resulting in 0.8 < ^ < 1.0. This finally 
leads to an orbital inclination of 77° < i < 84° which is in a good agreement with the values 
d erived in term of graphical form of the relationship between A0i/2, i, and q for Roche geometry 



in 



Homel ( 1985 ). 



5. The Swift observations 



A faint X-ray source was detected at the position of IPHAS J0627 with a count rate of 
3.2 ± 0.7 ks"^ . The X-r ay spectrum is plot t ed in Fig.[7]compare d with the best-fitting optically-thin 



thermal plasma model (IMewe et al. 



1986 



Liedahl et al. 



19951). In this fit, the temperature has 



risen to the model maximum of 80keV, and it is clear that the observed spectrum is harder still. 
The fit is only marginally acceptable with a reduced of 1 .75 with 4 degrees of freedom. Adding 
a cold absorber to the model improves the fit to a reduced of 1 .30 (3 degrees of freedom) with 
a best- fitting A'h of 5 x 10^' cm"^. The hard spectrum and high absorption are as expected for 
an intermediate polar, but since the source is located close to the Galactic Plane it is not clear 
whether this absorption is intrinsic or interstellar. The total Galactic column in the direction 
of IPHAS J0627 is also 5 x 10^' cm"^. However, the fit is further improved by allowing the 
absorber to only partially cover the source, with a higher column density of A^h = 4 x lO^^cm"^, 
a partial-covering fraction of 0.9, and a temperature that is no longer forced the highest allowed 
values, kT = 5 keV. This fit yields a reduced x^ of 0.96 with 2 degrees of freedom. Although the 
signal to noise ratio is low, we can conclude that the X-ray spectrum of IPHAS J0627 is consistent 
with that expected for an intermediate polar. The 0.5-10 keV flux of the best-fitting model is 
2.2 X 10"^^ erg s"^ cm"^. This is about an order of magnitude fainter than would be expected fro m 



scaling by the optical fluxes of well studied (and usually X-ray selected) IPs (e.g. 



Landi et al 
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20091 : iBrunschweiger et alJl2009l : IScaringi et alJl2010h 



In order to search for the presence of a white-dwarf spin modulation in the X-ray data 
we folded the XRT light on the period of 2210 s. The folded light curve is presented in Fig. [5] 
(bottom panel) and does not show any sign of a modulation at this period. However, with such 
a low number of events detected, the 90 per cent confidence upper limit on the amplitude of a 
sinusoidal modulation is 65 per cent. So the Swift data do not rule out the presence of an X-ray 
spin modulation in this object. A Fourier analysis of the X-ray light curve also failed to reveal any 
other significant periods. 

The Swift ultraviolet data were obtained in the imaging mode, i.e. no time information is 
available for individual photons, but only average ultraviolet fluxes for each of the nine spacecraft 
orbits. The one ultraviolet measurement made close to the optical eclipse phase also has the 
lowest flux, indicating that the eclipse is also present at ultraviolet wavelengths. Excluding the 
eclipse, the ultraviolet flux at 217 nm varies in the range 5-13 x 10"^' erg s"^ cm"^, exceeding the 
statistical errors on the flux individual measurements. 



6. Discussion 



Over the past few years, the number of confirmed intermediate polars has rapidly increas ed, 



At the time of writing, the IP page by K. Mukau lists 36 confirmed IPs while 



(2003 



Ah 



Ritter & Kolb 



v.7.12) contains roughly twice this number, which underlines the rather broad range of 
criteria adopted by different authors to classify a system as IP. One clear hallmark of IPs is the 
presence of coherent optical and/ or X-ray short-t erm variability on the white dwarf spin period 



over a sufficient span of time (e.g. 



Buckley 



2000) 



'http://asd.gsfc.nasa.gov/Koji.Mukai/iphome/iphome.html 
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Detailed measurements of the physical parameters of CVs come from observational studies 
of eclipsing systems. Mukai's IP list contai ns only six confirmed eclipsing IPs, of which four o nly 



show grazing /partial eclipses: FOAqr(e 



BGC Mi (e.g. 



Patterson & Thomas 



1993), EXHya (e.g. 



1993 



Hellier et al 



Kim et al 



Beuermann & Osborne 



1956h and XY Ari (IPatterson & Halpem 



1990; 



Kruszewski & Semeniuk 



20051), TV Col (e.g. 



Hellier et al 



19881). The other two, DQHer (e.g. 



199 



Walkei 



993) 



Hel 



1954 



lei 



19901) are deeply eclipsing IPs. Detailed observational 



and theoretical studies of DQHer provided ti ght constraints on its system paramete rs, i.e. Porb, 



A01/2, q, i. Ml, M2, and disk radius (see e.g. 



Home et al. 



1993 



Zhang et al. 



19951). XYAri 



exhibits deep X-ray eclipses, but is hi dden behind the mole cular cloud MBM12 which makes i t 



virtually invisible in the optical band (ILittlefair et al. 



200 ih . Recently, 



Warner & Woudtl tOO% 



identified V597 Pup as a third deeply eclipsing (~ 1 mag depth) IP, which is in the stage of decline 
to its pre-emption brightness at V ~ 20. 

Based on the optical short-period variation at Pspin = 2210 s detected in our 2006 light curves, 
we classify IPHAS J0627 as the fourth deeply eclipsing IP with Porb = 8.16h, turning it to a rare 
object that holds substantial promises for detailed optical and X-ray follow-up studies. 

We adopted Mukai's conservative classification, and updated his list with additional 9 IPs: 
V597Pup, ICR J 16500-3307, ICR J17195-4100, ICR J 19267-1- 13 25, IRXS J165443.5-191620, 
IGR J08390-4833, IG R J18308-1232, IGR J18173-2509, IPHAS J0627, and 3 IPs from Fig. 23 of 



Gansicke et al 



(120051) i.e., RXJ0153.3-1-7446, HS 0943-1-1404, IRXS J06363 1.9-1-353537. Figure[8] 



shows the most up-to-dat e distribution o f the 4- 8 confirmed IPs in the /'spm-^orb plane (updated 



with respect to Fig. 23 of 



Gansicke et al. 



(20051) and with the additional well-determined Pmh and 



Pspin IPs listed in TableO. Eclipsing systems presented as filled dots. It is clear that the majority 
of IPs (~ 87%) are found above the conventional 2-3 h period gap whilst the fraction of systems 
below the period gap remains fairly small (^ 13%). Only two s ystems have extremely long 



orbital periods i.e., GKPer (Poa = 1.996 d; 



Crampton et al 



1986f) and IRXS J173021. 5-055933 
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(Porb = 15.42h: lGansicke et alJl2005h . 



The updated distribution show s that a fair number of CVs have fipin / Pnrh ^ 0- 1 , a trend alrea dy 



noticed frequently i n the past (e.g. 



Barrett et al. 


1988; 


Norton et al. 


spin / - c 

2004; 



Gansicke et al. 



2005 



Scaringi et al. 



in magnetic CVs ( 



20101). which spawned the initial theoretical work on the w hite dwarf equilibrium 



King & Lasota 



1991 



Warner & Wickramasinghe 



19911). However, it is now 



clear that IPs above the period gap (3-lOh) are widely distributed over 0.01 < Apin/^orb ^ 0.1, 
including IPHAS J0627 with fipin /P nrh = 0.075 (for the adopted Pspin = 2210 s), indicating disk-fed 



accretion (iNorton et al 



2004, 



2008h. AH IP s with PqA < 2 h have Pspm/Porb > 0. 1 which agrees 



with the predictions of lKing & Wynnl(| 19991) . The most extreme systems with /'spin/^orb < 0-01 are 
exclusively found at very long orbital periods, which may suggest that they are relatively young 
systems still far from equilibrium. 



Norton et al.l (|2004|) showed that a large range of spin equilibria exists in the 
(Apin/^orb,^orb,/Uwd,^) parameter plane, with /i^d being the magnetic moment of the white 
dwarf, as illustrated for a mass ratio q = 0.5 in their Fig. 2. For = 8.16h, Pspm/Porb = 0.075 
(adopting a spin perio d of 2210s), and co rrecting for the higher mass ratio of IPHAS J0627 



(q ~ 0.8, see Eq. 11 of 



Norton et al. 



I2004D . we estimate from the Fig. 2 /i^d ~ 6-7 x 10^^ Gcm^ 
With such a relatively high magnetic moment, IPHAS J0627 may just about evolve into a 
short-period EXHya-like IP, with a large Pspm/Porb ratio, or, perhaps more likely, synchronise 
as a polar. In fact, adopting i?wd = 0.01 R© (appropriate for the average CV white dwarf mass 
of 0.85 Mq), the estimated magnetic moment implies a field strength of 5 ~ 18 MG, which 
comparable to that of the short-period polars EF Eri and ST LMi. 

The motivation of our Swift observation of IPHAS J0627 was to probe for X-ray emission 
pulsed on the white dwarf spin period, which would be the ultimate confirmation of the IP nature 
of this system. We found that the best-fitting model at 0.5-10 keV flux for IPHAS J0625 is 
2.2 X 10"^^ergs"^cm"^. This value is an order of magnitude fainter than most confirmed IPs 
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which usually are X-ray selected. Figure[9] presents X-r ay fluxes and optical magnitudes of the 



Ritter & Kolbl (I2003L v.7.12), with filled 



confirmed IP^ and optical magnitudes were taken from 
dots represented eclipsing systems, triangles being rapid rotators (i'spin/^orb < 0.01), and filled 
triangles being eclipsing and rapid rotators. IPHAS J0627 has clearly the lowest X-ray-to-optical 
flux ratio, followed by DQ Her and AE Aqr. The low X-ray flux in AE Aqr is exp lained by the 



very rapid rotation of the white dwarf, which prevents accretion ( Wynn et al. 



19971) . Among the 



other two rapid rotators, DQHer has a low X-ray flux, but IRXS J173021. 5-055933 is X-ray 
bright - both have spin periods 3-4 times longer than AE Aqr, suggesting that inefficient accretion 
is not necessarily the reason for the low X-ray flux of DQ Her. The other plausible hypothesis 
is that the X-ray flux in DQ Her is block ed by the accretion disk/rim because of the high binary 



inclinatio n (/ = 86.5°, 



(/ < 84°, 



HeUier 



iorneetal 



19931) . To complicate the matters, XY Ari is a deeply eclipsing 



19971), but X-ray bright IP. However, it is difficult to assess an 'intrinsic' 



X-ray-flux-to-optical ratio for XY Ari since the system lies behind the molecular cloud MBM12. 
For partial/grazing eclipsing IPs, X-ray fluxes are typically consistent with non-eclipsing systems. 

We conclude that the dependence of the X-ray-to-optical flux ratio on the binary inclination 
and white dwarf spin is not straight-forward, but for the case of IPHAS J0627 obscuration of 
the accretion spots on the white dwarf by the accretion disk/rim appears to be the most likely 
explanation for the low X-ray flux. High-speed ground-based photometry of IPHAS J0627 has the 
potential to settle the question whether or not the white dwarf is hidden from direct view. 



^AU X-ray fluxes used in Fig.|9] were taken from Mukai's list with 2 



fluxes except DQHer ([Patterson 



19941) . 1 RXSJ070407. 9-1-262501 (lAnzolin et al 



OkeV 



2008b, 



MUCam (=IGR J06253-1-7334), IR XS J173021.5-055 933 (=IGRJ17303 



3307, IGR J17195-4100, V2069-Cyg (ILandi et al. 



0601), IGRJ 



20091), IGRJ00234-I-6141 ( Anzolin et al. 



IGR J08390-4833, IGR J18308-1232, IGR Jl 8 173-2509 (IBemardini et al 



2012 ) 



6500- 



200% . 
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7. Conclusions 

We have identified IPHAS J0627.41+01481 1.3 as the fourth deep eclipsing IP with an orbital 
period of Porb = 8.1619807(34) h, and a spin period of Pspm = 2210.27(87) s. Because of its 
eclipsing nature, this IP is particularly well suited for detailed follow-up studies that will provide 
detailed and accurate insight into the system parameters. Our photometric data spanning three 
observing seasons reveal variations in the system brightness, the amplitude of the optical spin 
modulation, and the morphology of the eclipse profiles, all of which can tentatively be explained 
by a variation in the accretion rate. The relatively large magnetic moment of the white dwarf in 
IPHAS J0627 suggests that it is right at the boundary of systems evolving into either short-period 
EX Hya IPs or synchronised polars. 

This work is supported by the Thailand Research Fund under grant number MRG5180136. 
We gratefully acknowledge the observations of IPHAS J0627 taken through AAVSOnet, operated 
by the American Association of Variable Star Observers. We thank the referee for his/her 
constructive comments which have improved the paper. 

Facilities: Mercatorl.2m, Swift, AAVSO 
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Table 1 . Log of the observations, listing the date and UT of the observations, the exposure time, 
and the number of frames. All data were obtained in white light. 



Date 


UT 


Exp.(s) 


# Frames 


2006 Dec 22 


21:25-23:40 


10-20 


79 


2006 Dec 23 


20:58-06:37 


5-10 


372 


2007 Oct 1 1 


02:02-03:51 


35 


96 


2007 Oct 14 


01:59-06:23 


35-45 


225 


2007 Oct 15 


01:51-05:56 


40 


225 


2007 Oct 16 


01:53-06:04 


45 


210 


2009 Nov 23 


05:48-12:46 


120 


179 



Table 2. The times of eclipse minima of IPHAS J0627. 



Date 


Eclipse minima (HJD) 


Cycle 


O-C(s) 


References 


2004 Nov 30 


2453340.507625 





13 


Witham et al. (2007) 


2004 Dec 02 


2453342.548045 


6 


6 


Witham et al. (2007) 


2006 Dec 22 


2454092.429208 


2211 


-36 


this work 


2006 Dec 23 


2454093.449513 


2214 


-31 


this work 


2007 Oct 14 


2454387.621588 


3079 


39 


this work 


2007 Oct 15 


2454388.641673 


3082 


25 


this work 


2007 Oct 15 


2454389.661442 


3085 


-16 


this work 


2009 Nov 23 


2455158.929160 


5347 


50 


this work 
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Table 3. Additional IPs with the respect to Fig. 23 of iGansicke et al. 



( 2005 ) 



IPs 


Porb (h) 


^spin (s) 


References 


EIUMa 


6.434 


745.7 


1,2 


RXJ2 133+5 107 


7.193 


570.82 


3 


SDSSJ2333+1522 


1.39 


2499.6 


4 


IGRJ0022+6141 


4.033 


563.53 


5 


IGR J 19267+ 1325 


4.58 


938.6 


6 


IGR J 15094-6649 


5.89 


808.7 


7,8 


XSS J00564+4548 


2.568 


470.1 


8,9, 10 


(= 1RXSJ005528.0+461143) 








V597 Pup 


2.6687 


261.9 


11 


IGRJ16500-3307 


3.617 


571.9 


7,8 


IGRJ17195-4100 


4.005 


1062 


7,8 


IRXSJ165443.5-191620 


3.7 


546.66 


12 


IGRJ08390-4833 


8 


1480.8 


8 


IGR Jl 8308- 1232 


4.2 


1820 


8 


IGRJ18173-2509 


6.6 


831.7 


8 


IPHAS J0627 


8.16 


2210.27 


this work 



Note. — (1) In addition, we updated the spin pe- 
riods of V2069Cyg and IRXS J0636+3535 to be Pspin = 
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743.1s and 



spin 



920 s (|Bemardini et al.1 |2012|) . respec 



tively. (2) We did not include the confirmed IPs with 
uncertain P^^ u det ermined e.g. SP SS J144659.95+025 330.3 



(Homer et al. 



2000), Swift J0732- 1331 (Butters et al. 



OPS J 180354.3-300005 (Hong et al. 



( Gotthelf & 



ialper 



3 



and LS Peg (IRamsay et al 



20071), CX- 



20091), AX J 1740.2-2903 



2010), and IP candidates such as V426 0ph 



2008L and references therein). 



Ref erence s. — (1) 



( 2008h: (3) 



(l2007al): (5) 



01 



Pretorius 



Bonnet-Bidaud et al 



Bonnet-Bidaud et al 



(2008); (10) 



(120091) : (12) 



(120091): (8) 



ThorstensenI (119861) : (2) 



(120061) : ( 



(l2007l) : (6) 



Bernardini et al 



Bonnet-Bidaud et a 



Scaringi et al. 



torn 



Reimer et al. 



Southworth et al. 



Evans et al 



mm: (9) 



mm; (11) 



(2008b: 



Butters et al 



Warner & Woudt 
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Fig. 1.— A 7' X 7' finding chart of IPHAS J0627 obtained from IPHAS imaging data. The J2000 
coordinates of the star are a = 06''27"^46.4^ and S = +01°48'1 1 A". The comparison and check stars 

used in the photometry are marked by 'CI' and 'C2', respectively. 
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Fig. 2. — Top: 2006 and 2009 light curves of IPHAS J0627 show similar eclipse profile. Bottom: 
2007 light curves reveal nightly variation in the eclipse profile. 
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Fig. 3.— Top: the 2006 (left) and 2007 (right) eclipse profiles of IPHAS J0627 folded on the 
ephemeris in Eq.[IJ The two eclipse observations from 2006 align very well in shape and depth. 
The 2007 October 14, 15, and 16 eclipses have been shifted by 0, -0.3, and -0.6 magnitudes to 
highlight the night-to-night variations in the eclipse profile. Bottom: the same data as in the top 
panels, but averaged into phase bins of A(/) = 0.005. 
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Fig. 4. — Power spectrum computed from the combined photometric data obtained in December 
2006 (top panel), and the corresponding window function (above the figure). The power spectrum 
computed from the 2006 data after pre-whitening with the strongest signal, /i = 39.090(15) d"\ 
contains residual power at 33.244(29) d"\ which, within the uncertainties is consistent with fi -2Q 
(second panel). Additionally, there is some evidence for low-amplitude power near /i + 2Q and 
2(/i - Q), whereas no signal is detected near the second harmonic of either /i or fj. The power 
spectra from October 2007 and November 2009 are shown in the third panel from the top, and the 
bottom panel, respectively. 
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Fig. 5. — Spin-folded optical and X-ray light curve of IPHAS J0627 adopting Pgpin = 2210 s. The 
zero-point of the spin phase is arbitrary. 

Top: all individual data points from December 2006 (black: December 22nd, red: December 23rd). 
Middle: the 2006 data binned into 20 phase slots, along with a sine fit to the binned and folded 
data (dashed line). Bottom: Swift XRT X-ray light curve of IPHAS J0627 folded on the spin period 
of 2210 s. 
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Fig. 6. — The orbital phase-folded light curves of IPHAS J0627 show a broad modulation, after 
pre- whitening with the adopted spin period of 2210 s for the 2006 data (top panel), and raw light 
curve for the 2007 data (bottom panel). Fitting this modulation with a sine results in amplitudes of 
the modulation of ~ 0.15 mag in 2006 and ~ 0.33 mag in 2007. 
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Fig. 7. — Swift XRT X-ray spectrum of IPHAS J0627. The model curve is an optically-thin ther- 
mal plasma model with temperature of 80 keV. The observed spectrum is harder than this model, 
indicating the presence of absorption that is well fit by a partial-covering absorber (see text). 
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Fig. 8. — The updated period distribution of IPs on the original of |l 
panel: orbital and spin period of 48 IPs. The dotted lines indicate Pspin/Porb = 1,0.1,0.01,0.001 
from top to bottom, respectively. The eclipsing systems are shown as filled symbols. 
Top panel: orbital period distribution of the known IPs, the 2-3 h period gap is shaded grey. Right 
panel: spin period distribution of the known IPs. 
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Fig. 9. — X-ray fluxes and optical magnitudes of the confinned IPs. Filled dots represent eclipsing 
systems. Filled triangles are eclipsing and rapid rotators. Open triangles are rapid rotators. 



